A major problem associated with PGPBs is their inability to manifest PGP traits under natural field conditions consistently. This is mainly due to competition with native well adapted strains and specific nutrient limitation (Vasssey, 2003). We hypothesized that selecting a PGPB strains exhibiting multiple traits are expected to most ideal as the probability of expression of one or more PGP traits is higher. It is also expected that indigenous soil bacteria adapted to local soil and agro-climatic conditions exhibiting multiple PGP traits may be more effective under field conditions. We have screened rhizospheric soil in vicinity of Aligarh in northern India (Ahmad et al., 2006). We found a new isolate of Paenibacillus sp. (PNF16) which showed multiple PGP traits and characterized using 16S rRNA gene sequence analysis. The efficacy of PNF16 for plant growth promotion was assayed under pot experiment conditions alone and in combination with other bioinoculant such as Bacillus (Bc1), Azotobacter (AZT3), Achromobacter (PNF11) and Pseudomonas (Ps5) which were previously isolated in our laboratory.
MATERIALS AND METHODS

Isolation and characterization of bacterial isolates
Bacterial isolates PNF16 and other rhizobacteria used in this study were isolated and biochemically characterized using standard methods as described previously (Ahmad et al., 2006; .
Genetic identification of PNF16 by 16S rRNA partial gene sequencing
Single isolated colony PNF16 was inoculated in 5 ml Luria-Bertani (LB) broth and grown at 30 o C for 24 h. Cells were harvested and processed immediately for DNA isolation by standard procedure. The concentration and purity of the DNA preparation were determined by measuring optical density (OD) at 260 nm and ratio at 260/280 nm with a UV-Vis Spectrophotometer. The PCR amplification of almost full-length 16S rRNA gene was carried out with eubacterial specific Application of PGPR in crop production and protection is well known and can also contribute in reducing use of agrochemicals. However, the performance of PGPR is influenced by various biotic and abiotic factors. Isolating new efficient PGPR strain well adapted to local soil agroclimatic conditions is expected to perform with more consistency. In this study five selected rhizobacteria isolated previously were first tested in vitro for plant growth promoting (PGP) characteristics. One of the isolate PNF16 was identified as Paenibacillus durus by 16S rRNA gene sequence analysis. PNF16 alone and in combination with other rhizobacteria (Azotobacter (AZT3), Achromobacter (PNF11), Bacillus (Bc1), Pseudomonas (Ps5) and Mesorhizobium (IARI) were tested for plant growth promoting effect under pot conditions in two consecutive years. PNF16 was found to produce 21.7 µg ml -1 of indole acetic acid like substances, hydroxymate type of siderophores (Salicylate type 11 µg ml -1 and benzoate type 6.5 µg ml -1 ) and solubilized phosphate (405.33 µg ml -1 ). PNF16 -Mesorhizobium combination was found significantly better compared to other combinations for growth parameters, nodulation and yield of chickpea over control. Similar study was also performed for other tested strain. Significant increase in plant growth (32%), nodulation (43%) compared to untreated control was recorded. Co-inoculation also showed synergy and increased the number of pods per plant, 1000-grain weight, dry matter yield, grain yield and protein content by 23%, 22%, 21%, 18% and 4.4% respectively, compared to control. The results indicated the potential usefulness of PNF16 alone and in combinations in enhancement of nodulation and stimulation of plant growth in chickpea and adapted to soil condition of the region. primers 16F27N (5'-CCAGAGTTTGATCMTGGCTCAG-3') and 16R1525XP (5'-TTCTGCAGTCTAGAAGGAGGTGWTCCAGGC-3') (Pidiyar et al., 2002) in a final volume of 50µl. Briefly, the amplification reaction containing 50 ng templates DNA 25 pmole each of universal primers.0.2 mM dNTPs and 1.5 U Taq polymerase (Bangalore Genei, Bangalore, India) in 1X PCR buffer. The amplification reaction was carried out in Gene Amp PCR system 9700 (Applied Biosystems, USA) with the following conditions initial denaturation (2 min at 94 o C) was followed by 30 PCR cycles (94   o   C for 30 s, 55   o   C for 30 s, and 72 o C for 1 min) and a final extension at 72 o C for 5 min. Sequencing reactions were performed with Big Dye Terminator mix (Applied Biosystems) and samples were sequenced on 3730 DNA analyzer (Applied Biosystems). Nucleotide sequence data was deposited in the GenBank sequence database. The partial sequence were analysed with the Basic Local Alignment Search Tool (BLASTN) and compared to known bacterial sequences in NCBI GenBank using BLAST. Related sequences obtained from the database were used to construct a phylogenetic tree using MEGA4 software.
Quantification of PGP activities
Quantification of total IAA like compounds
Putative nitrogen fixer (PNF16) was inoculated in nutrient medium (Yeast extract 1.5; Beef extract 1.5; Peptone 5; Sodium chloride 5, pH-6.8) supplemented with 500 µg ml -1 L-tryptophan and incubated at 28 o C for 96 h. At the time interval of six hours, 5 ml of the bacterial culture was removed in sterile conditions. The cultures were centrifuged at 282 xg for 30 min. Two ml of the supernatant was mixed with 2 drops of orthophosphoric acid and 4 ml of the Salkowski's reagent. Development of pink color indicated IAA like compound production. Optical density was taken at 530 nm with the help of spectrophotometer (Spectronic 20D + , Thermo Scientific, USA). This assay was carried out for ninety hours. Concentration of IAA like compounds produced by cultures was measured with the help of standard graph of IAA (Hi-media) obtained in the range of 10-100 g ml -1 (Lopper and Scroth, 1986). Similarly quantitative estimation of IAA like compound was performed at different concentrations of tryptophan (0, 50-500 g ml -1 ) at 72 h of incubation.
Quantification of phosphate solubilization
The phosphate solubilization was quantified by measuring the soluble phosphate released in the culture medium, using standard method as described earlier (Ahmad et al., 2008) . Briefly a 100 ml of sterile Pikovskaya's broth was separately inoculated with fully grown culture (10 7 CFU ml -1 ) of the selected isolates. The uninoculated medium served as a control. At different time intervals during growth, 10 ml of culture was removed from each flask and centrifuged at 3136 xg for 30 min and pH of the supernatant was also checked. Supernatant was transferred into tubes. To each sample, 10 ml chloromolybdic acid and 5 drops of chlorostannous acid was added and volume was adjusted to 50 ml with distilled water. The blue colour developed was read at 600 nm. Amount of phosphate solubilized was calculated using the calibration curve of KH2PO4.
Detection of siderophore
Siderophore production was detected by universal assay as described by Schwyn and Nielands (1987). Briefly, first the glasswares were deferrated with 6N HCl overnight. Solution A, the dark blue solution (dye) (Chrom azurol S 60.5; Hexadecyltrimethylammonium bromide 72.9 in 100 ml water) was autoclaved. MM9 medium (Sucrose 342.3; Calcium chloride 147.0; Magnesium sulphate 246.4; Dipotassium hydrogen orthophosphate 20; Sodium chloride 0.2; Sodium molybdate 0.005) was deferrated separately in 3% 8-hydroxyquinoline for the removal of iron. The medium was separately washed with chloroform and traces of 8-hydoxyquinoline and chloroform were removed. The pH of Pipes (Piperazine-N, N'-bis[2-ethanesulfonic acid ] buffer (30.24g) was adjusted at pH 6.8 by adding 50% (w/v) NaOH solution. All the three solutions A, B and C were autoclaved separately. After cooling the solution up to 50 o C, all the three solutions were added aseptically. The dye solution was finally added along the glassware with enough agitation to achieve mixing without generation of foam. Chrome azurol S agar plates were prepared and divided into equal sectors and spot inoculated with 10 μL (10 7 CFU ml -1
) of test organism and incubated at 28 o C for 48-72 h. Development of yellow-orange halo around the growth was considered as positive for siderophore production. The yellow-orange halo was measured in mm around the colonies of bacterial isolates which were positive for the siderophore production.
Quantification of siderophore
Bacterial isolate PNF16 was further examined for the quantification of hydroxymate type of siderophores using the method of Reeves et al., (1983) . Briefly, the glasswares and the medium were deferrated by 6N HCl and 3% of 8-hydroxyquinoline in CHCl3. The single colony of bacterial isolate was inoculated in 5 ml deferrated nutrient broth to raise the inoculum. One ml (10 7 CFU ml -1 ) of bacterial culture was inoculated in 30 ml nutrient medium and incubated at 28 o C for three days. The fully grown cultures were centrifuged at 3136 xg for 20 min. The supernatant was adjusted at pH 2.0 with diluted HCl. Equal quantity of ethyl acetate was added twice in a separating funnel and separated, the resultant 60 ml ethyl acetate fraction was taken. Five ml of ethyl acetate fraction was mixed with 5 ml of Hathway's reagent. The absorbance was read at 700 nm for benzoate and at 560 nm for salicylates. The concentrations of benzoates and salicylates were calculated with the help of standard 2-3 dihydoxy benzoic acid (1-10 µg ml -1 ) and salicylic acid (1-30 µg ml -1 ) respectively.
Experimental design to assess inoculation response of test isolates on plant growth and yield of chickpea
The pot experiments on chickpea (Cicer arietinum L.) var. Avrodhi (purchased from Chola Beez Bhandar, Aligarh, India) were carried out in two consecutive years. 
Mesorhizobium + Paenibacillus (PNF16) with each treatment was replicated three times and each pot contained three plants were used. Plants were watered with tap water. At each sampling time three plants were removed. The minimum dose of inorganic fertilizers was applied (Diammonium phosphate (DAP) @ 6.5x 10 -2 g kg -1 to 4.5x 10 -2 g kg -1 of soil).
Inoculum and plant culture
The standard bioinoculants, Mesorhizobium sp. (Indian Agriculture Research Institute, New Delhi, India) specific to chickpea were cultivated in 100 ml yeast extract mannitol broth (YEM) in 250 ml flask on rotary shaker at 125 rpm at 28 o C 2-3 days to achieve the cell density of 10 7 -10 8 cells ml -1 . All PGPR (Azotobacter sp., Fluorescent Pseudomonas sp., Bacillus sp., Achromobacter sp. and Paenibacillus sp.) strains were cultivated in 100 ml nutrient broth in 250 ml flasks to obtain maximum growth. The Mesorhizobium and all PGPR strains were mixed in the ratio of 1:1. Chickpea seeds were surface sterilized by soaking in sodium hypochlorite (5%) for 15 min and washed four times with sterile distilled water. The surface sterilized seeds were soaked in the cultures or consortium of cultures for two h at 28 o C. For control treatments as well as minimum dose of inorganic fertilizer (Di-Ammonium Phosphate) seeds were soaked in sterile distilled water. Ten seeds of each treatment were kept in 10 ml sterile NSS to take the CFU seed -1 of the inoculated bacteria. Inoculum density on seeds was determined by agitating ten seeds in 10 ml sterile NSS from each treatment and plated after serial dilution on the respective agar media. Plates were incubated at 28°C for 48 h, the number of colonies was counted, and the total population was expressed as CFU seed -1 .
Sampling and data collection
The sampling of chickpea was done at 60, 90 DAS and 145 DAS (harvest) was done. Root and shoot length and dry weight of the plants were recorded and analyzed at different stages of crop. Number of nodules and the fresh and dry weight of nodules were recorded at 90 DAS. At each sampling intervals, three pots i.e. nine plants were removed from each treatment at random. The following data were collected.
Leghaemoglobin content
Leghaemoglobin content was recorded at 90 DAS in chickpea, pink, and washed nodules from both crops were washed thoroughly and detached from the roots. Two hundred mg nodules were macerated with the help of mortar pestle in 3 ml sodium phosphate buffer, then filtered through two layers of cheese cloth. The nodule debris was discarded. The turbid reddish brown filtrate was clarified by centrifugation at 31xg for 30 min. The supernatant was diluted up to 6 ml with sodium phosphate buffer. Then equal volume of pyridine was added to extract. The solution became greenish yellow due to the formation of ferric hemochrome. The hemochrome was divided equally into two parts. To one portion few crystals of sodium dithionite was added to reduce the hemochrome. The mixture was stirred without aeration. Absorbance was read at 556 nm against the blank. Few crystals of potassium hexaferrocynate were added to other portion to oxidize the hemochrome and read at 539 nm (Appleby and Bergersen, 1980). Leghemoglobin was calculated by the following formula Leghemoglobin concentration (mM) =A556  A539 x 2D / 23.4
Where D is the initial dilution, A is absorbance
Nitrogenase activity (Acetylene reduction assay) in nodules
Nitrogenase activity was recorded at 90 DAS in chickpea. The activity of nitrogenase was determined in the fresh samples by the method of Hardy and workers (1966). Nodules were incubated with acetylene for thirty minutes at 27 o C. The air (5cm 3 ) was removed with a syringe from each incubation period, and ethylene content was measured on a gas chromatograph (GC 5700, Nucon, New Delhi, India) equipped with 1.8 m Porapack N (80/100 mesh) column, a flame ionization detector and an integrator. Nitrogen was used as a carrier gas. The flow rate of nitrogen, hydrogen and oxygen were 0.5, 0.5 and 5 ml S -1 . The oven temperature was 100 o C and that of the detector was 150 o C. Ethylene identification was based on the retention time and was quantified by comparing with the standard curve drawn with pure ethylene. The nitrogenase activity was expressed as nM (nanomole of ethylene formed g -1 of nodule fresh mass h -1
).
Protein estimation
The protein content of seeds was estimated by the method as described by Lowry et al. (1951).
Yield parameters
At the time of harvesting, yield parameters including number of pods plant -1 , weight of seeds plant -1 and weight of thousand seeds were determined.
Statistical analysis
The data is pooled data of two years. The measured parameters were subjected to statistical calculation using one way analysis of variance (ANOVA) by SPSS ver.11.00. The difference among means was calculated at 5% probability level. When analysis of variance showed significant treatment effects, the least significant difference (LSD) (P ≤ 0.05) was applied to make comparisons among means by Tukey's test.
RESULTS
The bacterial isolates used in this study were isolated previously from rhizospheric soil and characterized biochemically using standard methods as listed in Table 1 . 
16S rRNA gene analysis
This study
The bacterium PNF16 was found gram-positive, rod shaped, motile, without spores and cyst. Colonies on glucose broth (GB) medium are circular, convex, white and translucent. The nucleotide sequence of PNF16 was submitted to GenBank (accession number: KC477263). The analysis of 16S rRNA sequence indicated that PNF16 shared a maximum 99% homology with Paenibacillus durus (accession number: JQ436899). Further a phylogenetic tree was constructed from multiple sequence alignment of 16S rRNA gene sequence (Fig. 1) .
The internal numbers indicates bootstrap values.
Assays for plant growth promotion traits
Isolate PNF16 belonging to putative nitrogen fixers was subjected to quantitative estimation of PGP traits. Indole-3-acetic acid (IAA) like molecules production in the presence of different concentration of tryptophan was analyzed. The isolate was found to produce maximum amount (21.7 µg ml -1
) of indole-3-acetic acid like molecules at 500 µg ml -1 of tryptophan concentration and at 72 h of incubation ( Fig. 2 and 3) . IAA like molecules production was increased significantly by increasing the concentration of tryptophan from 100-500 µg ml -1 . Isolate PNF16 solubilized phosphate (405.33 µg ml -1 ) at 12 th day of incubation (Fig. 4) .The isolate also produced hydroxymate type of siderophores (salicylate type 11.0 µg ml -1 and benzoate type 6.5 µg ml -1 ). Figure 1 Phylogentic tree of PNF16 (GenBank accession number: KC477263) constructed using neighbor-joining method based on 16S rRNA gene sequences of strain PNF16 and related species. 
Effect of bacterial inoculation on growth, nodulation and yield of chickpea
A total of six PGPR including PNF16 alone and in combination were inoculated to chickpea plant by seed treatment methods under open pot conditions. Vegetative growth parameters were studied at 60, 90 days after sowing (DAS) and yield characteristics were determined at harvest (145 DAS). In general all the dual bacterial inoculation were better over control and single bacterial inoculation of Mesorhizobium in case of length and dry weight of plant parts i.e. root and shoot. Co-inoculation of chickpea with PNF16 along with Mesorhizobium sp. showed significant increase in root length (26%), shoot length (32%) and root and shoot dry weight (25, 27%) respectively at 90 DAS in comparison to uninoculated control (Table 2) . We found that double treatment of PNF16 and Mesorhizobium was best over rest of the dual bacterial inoculation in case of vegetative parameters of chickpea. Nodulation parameters such as nodule number, nodule dry weight, leghaemoglobin content and nitrogenase activity was observed at 90 days after sowing (DAS). Plants treated with PNF16 along with Mesorhizobium increase the nodule number (43%) over control followed by PNF11 (30%), Ps5 (27%), Bc1 (26%) and AZT3 (24%) ( Table 3) . Similarly dry weight of nodules and leghaemoglobin content showed significant increase by 42 and 63% respectively due to co-inoculation of PNF16 with Mesorhizobium. Similar trends were also observed for nitrogenase activity. Mesorhizobium alone inoculation showed better performance over minimum dose of chemical fertilizer as well as uninoculated control. Mesorhizobium and PNF16 were statistically significant (P ˂ 0.05) over control for nodulation parameters (Table 3) . The yield parameters, weight of 1000 seeds (g), number of pods plant -1 , number of seeds plant -1 , weight of seeds per plant (g) and protein content of seeds (mg g -1 ) per plant were taken into account. The data on all yield parameters was significantly different over control. The relative inoculation responses of all four PGPR isolates are almost statistically different for yield data (Table 4 ). The coinoculation increase the dry biomass by (21%), number of pods plant -1 (23%), number of seeds plant -1 (20%), weight of 100 seeds (22%), seed weight g plant -1
(18%) and protein content (4.4%) over control in both the year. 
CONCLUSION
The co-inoculation of Paenibacillus durus (PNF16) and Mesorhizobium sp. followed by other PGPR were found highly effective for significant enhancement in growth, nodulation and yield of chickpea. The findings of the present investigation are encouraging and needs further investigation on mechanisms of interaction in the rhizosphere as well as field performance of this new isolate Paenibacillus durus (PNF16) which has demonstrated promising PGP activities and compatible with other tested PGPRs.
